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1AUSTRACT

5V ' The effectiveness of the antihistamne chiorpheniramine mideate in preventing
the early performance decrement In montkeys ftillowing a supralethal djAse of ionizing
radiation was investigated. Twenty-five caenivn~eys (Ylacaea mulatta) were tiained
to perform a discrete trial, cted avoidance- task. .:Ten of these mon1~eys w~re inijected
intravenously with isotonic saline 30 minuites before irraditilon. Five monkeys wer

injeced with 20 mg of chiorphnrmn anwere performnance tested 24 hours prior

to irradiation. These five animals and 10 addiional animals were then injected with
f .. i N~ .10 mg of chlorpheniramine at 60 minutes axid at 30 minutes befciu ifradiation. The

monkeys were tested twid their perfornance was recorded for 2 hours following a
.

5
~f4000-rad dose of mixed ganwia-neutron radiatom, blood pressure wva monitored In

20 of the monkeys. 'The performance of the ohlorpheniraminie-treated monkeys was
- .. arkedlv superior to that of the saline -treated group during the first 30 minutes post-

irradiation (the period generally associated with early1 trnsen inaaa t) it
~ ~the exception of one group %if five monkeys, the antih! staml e -treated animals pe-

formed signifteantly better than the saline-rae 1%ney dui 1 entIre 2-hour
post Irradiation observatlon period. Tihe average blood pressure of the chiorpheniranllne-
treatd monkeys was higher than tOmt of tho saline-trated monkeys throughout the
observation period. These findings showv that chlorphaniramine prevents the perform-
anc decrement and reduces th severity of hypotenglon observed in mionkeys following
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FOREWORD

(Nontechnical summary)

An earlier study -showed that the severe decline in blood pressure occurring in

monkeys immediately following a supralethal dose (4000 rads) of ionizing radiation

can be reduced or prevented by the preirradiation injection of a massive dose of an

antihistamine, chiorpheniramine. The present study was designed to test the effec-

tiveness of chlorpheniramine in preventing the performance de-rement g,3nerally

J ~observed in monkeys following such a dose of radiation.

Twenty-five rhesus monkeys were trained to perform a simple cued avoidance

4task, Ten of the monkeys were injected with saline and the remainder with chiorphen-

iramine prior to a 4000-rad dose of m-ixed gamma-neutron radiation. Five monkeys

were given 20 mg of eiorpheniramino and were performance tested 24 hours before

irradiation and then this group and 10 other monkeys were given 10 mg of chiorphienir-

amine at 60 minutes and agalin at 30 minutes before irradiatiov. -The performance of

all monkeys was re corded. for 2 iiout. s postirradlation. Bilood press"vrt was mionitored

during the same period lin the saline-treated controls and in 1.0 of the antihistamine-

treated animials. Early performance decrement consistently occurred in all the saline-

treated monkeys following irradiation but was rare in Clho antilhstanihio-troated mon-

keys. The postirradiatlon blood pressure drop in the anitlistaiirxie-treatedonkeoiltys

was not as great as that of the sn! lne-treted group. Therefore, chlorphenirantu Itiis

effective both In preventitig early porformanco decrement anid in reducing the decline

I in blood pressure in monkeys ininiediatoly following a supraletxal dlose of ionizing

radIlation.



: ,ABSTRACT

The effectiveness of the antihistamine chlorpheniramine maleate in preventing

the early performance decrement in monkeys following a supralethal dose of ionizing

radiation was investigated. Twenty-five male monkeys (Macaca mulatta) were trained

W }to perform a discrete trial, cued avoidance task. Ten of these monkeys were injected

intravenously with isotonic saline 30 minutes before irradiation. Five monkeys were

injected with 20 mg of chlorpheniramine and were performance tested 24 hours prior

to irradiation. These five animals and 10 additional animals were then injected with

10 mg of chlorpheniramine at 60 minutes and at 30 minutes before irradiation. The

monkeys were tested and their performance was recorded for 2 hours following a

4000-rad dose of mixed gamma-neutron radiation; blood pressure was monitored in

20 of the monkeys. The performance of the chlorpheniramine-treated monkeys was

markedly superior to that of the saline-treated group during the first 30 minutes post-

irradiation (the period generally associated with early transient incapacitation). With

the exception of one group of five monkeys, the antihistamine-treated animals per-

formed significantly better than the saline-treated monkeys during the entire 2-hour

postirradiation observation period. The average blood pressure of the chlorpli niraminio-

treated monkteys was higher than that of the saline-treatcd monkeys throughout the

observation period. Those findings siow that chiorpheniramino prevents the porform-

anue decrement and reduces the severity of hypotenslon observed in monkeys following

a supralotlual dose of ionizing radiation,

vPreceding page blank



1. INTRODUCTION

Immediately following large, supralethal doses of ionizing radiation, monkeys

4 usually shov, a performance decrement, the severity of which is dose related.8 Gener-

ally, the performance decrement of monkeys, exposed to a 4-krad dose of mixed

gamma-neutron radiation starts as early as 2 minutes after irradiation and lasts for

10 to 30 minutes with subsequent recovery to, or near, preirradiation levels of per-

I formance. This early transient incapaecitation (ETI) is accompanied by severe sys-

temic hypotension during which arterial blood pressure often decreases to less than

50 percent of normial.4

Ionizing radiation is known to release histamine, a powerful vasodilator whichi

is capable of producin~g many of the more overt effects seen during ETI. An earlier

4study showed that pretreating monkeys. with a massive dlose of an antihyismino,

1,3
whichi acts by occupying receptor sites on target c011S, prevonted the gros4-altis

of incapacitationi and significantly reducud hypotension doring the ETI period; but the

mechanisms by wVIioli this drug docreasos E-.TI offocts i re not kown.

The Present S( ey xaniflos the offectivelness of~ chlorphouiramine finp vltng

. .the porte imance decreiiint of task trained miikcys following a silglo 4-krad (lose of

mixed gai-nia-noutroii radiation.

It.. MATE MAS AND Me'l'IO

'l'lo aiinials used wore 2-to 3-yuar old mlale inonkwyS (Macaca 111ulatta) wecigh-

ing 3 to 5 kg. The care and maintemance oi these ni uikeys luive Woni deoscribod else-

J 8



Each monkey was trained to perform a discrete trial, cued avoidance to sk. At

the beginning of each trial, a 1-second warning tone and a 5. 5-second cue light were

presented simultaneously. The cue light appeared over one of two levers and indicated

the correct response lever for that trial. If the animal failed to move the correct

lever within the first 5 seconds of the tricui, a 0. 5-second electrical shock was admin-

istered to the monkey's tail. The shock and light terminated simultaneously, and a

4.5-second time-out followed. A correct response during the shock period permitted

the animal to escape the remainde' of the shock. Time between the onset of succes-

sive trials was 10 seconds. If the animalmve h 1orc l1ve witite fis

5 seconds of the trial, the cue light was im-mediately ext'ugulshed and time-out was

initiated, thereby permitting the animal to avoid the shock. Trials were presaented on

either of the two levers, in randomi order, ain equal iiumber of timies withiin bhii of

-AV 1001 trials (execpt that no lover was cuod cousecutively more than three titnu's)

1'o iiizis~(ltraction,~ thle. anfhlfl t r4 Lc trainedt, irradliate~d, and tested Wn

ilation oubielos. Each nilMal was trained until it could resumd correctly, at Iet

90 percent of the time to 2000 conseutive trials.

Twenty-five traineod Toonkeys were divided lato( foui' expo-rimental geoups, as

indI~ated bolow. The moakeys4 in -groups A, 13, and C Wad catheters iniserted into f1.hr

n eorl arteriesn a-And veis 3 d~ays before irrildation. The tips of the caitheters were

(~.. ... advancod a measured distancte to the levoi of the disphragni (the position was verified
.........

at flecropsy). These cathetoxvs wort- used for -ocordhig blood pressureY and adminis-

. ~toring drtigs. Clotting of the catheters w-, IrvIIe b eilgthm ith I I pe k-

vetnt hepari souio wice dLaily, but no attempt was niade to heparluiize the animals.

g' .....



The monkeys were medicated, as follows:

Group A. Ten monkey. received 10 ml of isotonic saline 30 minutes before

irradiation, and served as the control group.

Group B. Five monkeys received 10 mg of chlorpheniramine (2 mg/ml of

isotonic saline) 60 minutes before irradiation and another 10 mg of chiorpheniramine

jrik ,30 minutes before irradiation.

Group C. Five monkeys were given 20 mg of chl pheniramine (--'5. 7mg!

kg) 24 hours before irradiation. Their response to the cued avoidance task was then

tested for 2 hours. These ,onkeys then received 10 mg of chlorpheniraniine 60 min-

• .,.,.utes before irradiation and another 10 mg of chlorpheniramine 30 minutes before

irradiation. (Each of the monkeys received a total of 40 mg (-'11.5 mg/kg) of chlor-

pheniramine in the 24-hour preirradiation period.)

Group D. Five monkeys were used to evaluate the eliect on the monkeys'

A.;. : peiformances of the general anesthesia (sodium Pentothal, 35 mg/kg, intravenously)

and surgery used in the catheterizat, 'n procedure. Catheters were not placed in the

animals of t'is group. These monkeys were injected wih 20 mg (-5. 7 mg/kg) oi

chliorpheniramine in a superficial leg vein 60 minutes before irradiation.

All monkeys were given a 100-trial performance test beginning 25 minutes prior

. to recelvinr. i midline tissue dose of 4000 + 400 rads of mixed gamma-neutron radia-

tion from the AFRIU-TiUGA reactor. The radiation was delivered as a single pulse of
- . I ~ :. :hr (~~

short duration (-5u msec).

Postirrudiation performance testing began 5 seconds after the pulse. Each test

period (block) consisted of 100 trials. The performance testing of all monkeys was

3



continued for 2 hours after irradiation unless death intervened. During this time they

were visually monitored via closed-circuit television. Blood pressure was recorded

for the monkeys in Groups A, B, and C. The average correct response for each

* 2-minute interval (10 trials) was calculated and plotted at the midpoint of that interval.

After each block of 100 trials, there was a 3. 4-minute rest period. Following the ini-

tial 2-hour postirradiation testing period, the monkeys of Group D were given a

100-trial test each hour until they died.

The results of this study were evaluated using the following criteria:

Performance decrement. The monkeys were trained to perform at or bet-

ter than 90 percent correct response. Performance less than 90 percent correct was

considered a performance decrement.

Early transient incapacitation (ETI). Failure to respond -for four or more

consecutive trials during the first 30 minutes postirradiation, followed by a resump-

tion of task performance, was considered ETI.

Permanent colnplete incapacitation (C. A period in which the animal

failed to vespond was considered PCI, and terminated In death.

III. RESULTS

The postirradiation performance and mean arterial blood pressure of individual

monkeys treated with isotonic saline or chlorpheniramine are shown in Figures 1

through 4. The average postirradiation performance of each treatment group is plotted

in Figure 5 and the average blood pressure for each group is presented in Figure 6.

Performance and latency of response during the 2-hour period following chlor-

pheniramine administration (24 hours preirradiztion) were not significantly different

from the pretrt.atment values of the nonirradlated monkeys (Group C).

4
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Figure 3.

+ Performance and mean arterial blood pr w'-.i'LC3 sure of antihistamine -treated m-nakeys.
(20 mg chiorplenlramine 24 hours,
10 mg chlorphentrarnine 60 minutes and

-~ 10 mg chiorpheniramine 30 minutes pre-
PERFOMANCEirradiation) following a 4000-rad dose

-PrEIflADIAT0MI ... of mixed gamma-neutron radiation
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Figure 4. Performance of antihistamine-treated monkeys (20 mg chiorphienirarnine
preirradlation) following a 4000-rad dose of mixed gammia-neutron radiation.
Approximately 8 minutes postirradiation, LX was unable to operate the lever as vom-
itus on lever prevented accurate responses although hie was performing corv'eotly.
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Figure 5. Average performance of saline- or chiorpheniramine -treated moni~eys
following a 4000-rad dose of mixed gamma-neutron radiatio~n

Performance of the chiorpheniramine-treated monkeys of Groups B, C and D

~ (Figure 5) was significantly better for the first 40 minutes postirradiation than that of

I If the monkeys which received saline (Group A). After 44 minutes there was no significant

difference in performance between the monkeys which received 40 mg of chlorphen-

iramine (Group C) during the 24 hours preirradlation and the saline-treated animals.'A's
AllThe performance of the chiorphenictarnine-treated monkeys of Groups B and D contin-

ued to be significantly better than the saline-treated monkeys (Group A) for the entire

observation period. However, after 40 minutes postirradiation, the performance o

Group Bdeclined more rapidly than did the performance of group D. Although it is

~I ~j -suggested that the difference is attributable to the effect of surgery, the somewhat dif-

ferent drug administration time may also have influenced the results.

jII--k



The immediate postirradlation decline in blood pressure in the chlorphemiran e-

treated monkeys (Figure 6) was not as severe as that of the saline-treated monkeys.

However, the. only group means that differed sinfcanyweetoefGrpsAad3

after 20 minutes postirradlation (p <.05, Student's 'It".test).

I - A - 1-3 mil ISOTONIC SALINE
30 MIWUTES PREIRRADIATION

a 10 mg CHLORPIIENIRAMINE 60 MINUTES
AN!) 10 nig CHLORPKENIRAMINE

T 30 IMINUTE$ PREIRRADIATION

C.- 20 ng-CHLORPHENIRWMNE 24 HOURS,

AND 10 mg CHLORPHENIRAMINE
LQ 6030 MW'JTES PREIRRADIATION

0~ STANDARD ERROR

U .4(4 NUMBER OF MONKEYS
-LU

0 20 40 60 00 100 120

TIME POSTIRRADIATION (minuvea)

Figure 6. Mean arterial blood pressure of saline- or ohlorphenirain ie'-treated
monkeys following a 4000-rad dose of mixed gamima- neutron radiation

IV. DISCUSSION

The average blood pressures of the chiorphoviraii 04reated groups were iuiglhor

.. . ..... throughout the observatlin period than those of the sline-treated control group uid

were above what is considered a critical value (50 - 60 percernt of. the priArridiatiol

mean arterial pressure) fov adequate cerebral cireulation.,4 S' irnlar reaults have
4

boon reported previously in untrained. chlorphoniramirw-t teAted mlo)keys.

There was no correlation between, the fall of moan arterial blood pro and

Sthe occurrenco of severe performance docroment. Some witnals stopped prforming

z *



(luring the time that their blood pressure measurements were well above critical lev-

els (Figures 1, 2 and 3). However, no animal with blood pressure below critical

levels performed adequately for more than a few minutes.

The poorer performance of those animals which received chlorpheniramine on

2 consecutive days and were then irradiated may be explained by the fact that although

the plasma half-life of chlorpheniramine (in the dog)6 ' 7 is only 3 hours, and its anti-

histaminic effects last only 4 to 6 hours, 3 the metabolites of chlorpheniramine have i

half-life of approximately 10 days. 7 The performance decrement might be secondary

to the toxic effects of metabolites of chlorpheniramine rather than to the histamine-

antihistamine relationship of chlorpheniramine; however, there is no experimental

evidence in support of this latter supposition.

V. CONCLUSIONS

The antihistamine chlorpheniramine maleate is effective in preventing ETI,

postirradiation performance decrement, and in reducing the hypotension observed in

monkeys after a 4000-rad dose of mixed gamma-neutron radiation. Since the major

pharmacological effect of chlorpheniramine is blocking histamine receptor sites, its

effectiveness in preventing or modifying the radiation-induced performance changes

and hypotension can be taken as further evidence that histamine is involved in the acute

radiation syndrome. However, the ETI-ameliorating properties of chlorpheniramine

are not mediated through the maintenance of arterial blood pressure. An earlier study9

in which similarly trained and irradiated monkeys were infused with norepinephrine

so that blood pressure was maintained above 100 mm tHg did not differ significantly in

performance from controls. Some mechanism other than deficient blood pressure,

yet capable of being ameliorated by chlorphenlramine, is implicated in ETI.

9
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